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The Household‟s Savings and the Industrial Production:
A Time Series Analysis for Poland
Michal WOJEWODZKI

Abstract
In this paper the author will examine the short and long-run causality between the
growth rate of households‟ savings in the consolidated banking system in Poland, and
the Polish economic growth rate (using the industrial production index as its proxy).
This research paper will cover Poland‟s economic development over the periods 1997
to 2010 (in a quarterly approach). The main purpose of this paper is to shed light on
the direction of the causality between saving and growth, so that the Polish
policymakers can either focus on policies promoting growth or focus on saving
policies in order to effectively and efficiently increase the wellbeing of the Polish
nation. In the first part of this work, a series of perquisite tests on the existence of the
unit roots, cointegration and the granger causality are conducted; this is followed by
the VAR, ARMA and GARCH econometric procedures in order to find out the
causalities and the most accurate forecast for saving growth for the next 5 quarters
(till the end of 2011). The relevant variable observations were obtained from the
Central Statistical Office of Poland and from IMF statistics.
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Statement of the Problem
It is widely acknowledged that a necessary, but not a sufficient, condition for
economic growth is investment in capital and/or labour. In a closed economy, the only
source for investment is from postponed consumption, i.e. saving. In an open
economy, along with postponed consumption, there is also international channel
(investment supported by a foreign savings which may crowd out the domestic
savings, hence loosen the link). Nonetheless, a number of empirical researches have
confirmed that, even in open economies there is a very strong correlation between
domestic savings and domestic growth. An immense number of time series and crosscountry research have been conducted showing, “a significant positive and robust
relationship between saving rates and growth”. 1 Nonetheless, it remains unclear
whether the causality goes from the savings growth or comes simultaneously from
both saving and growth. The direction of the causation is crucial for the monetary and
fiscal policies designed by the government. If the causality is channelled from the
economic growth to savings e.g. Modigliani (1970), Carroll and Weil (1994), then the
main focus should fall on promoting growth by boosting investment. However, If the
major causality runs from savings via investment channel, e.g. Levine and Renelt
(1992) or Mankiw, Romer and Weil (1992), then the policies should promote it by
giving some sort of incentives (for eg. IRAs, obligatory saving funds, or tax breaks).
The researcher is motivated to do this paper on the Poland‟s economic growth
because of his Polish heritage; furthermore, he found that there was no Polish
analysis for the last ten years, and this is another motivation for this research.

Review of the Literature
The level of savings and economic growth has been of great concern in a number of
economic theories and empirical studies (even before the pioneering work of Irving
Fisher). Browning and Lusardi (1996) concluded that a recent literature on savings of
households is in sharp dichotomy between empirical and theoretical aspects. Most
papers, with findings of causality going from growth to savings, relies on two
connected hypotheses: First, the pioneering work of Maynard Keynes (1936) “The
General Theory of Employment, Interest and Money‖ in which Keynes stated that,
the major determinant of savings and consumption is income (the linear relation
between the disposable income, marginal propensity to savings and marginal
propensity to consumption). The second is the Permanent Income Hypothesis (PIH),
from Milton Friedman (1957) in which he distinguished between actual, transitory
and permanent incomes. He claimed that the short-run deviations, in income have
negligible effect on the level of individual‟s savings and consumption. According to
this hypothesis, high income individuals will have higher propensity to saving than
low income individuals. Another important feature of PIH is the so called “rainy day
equation”; according to this claim, ―if earnings are growing, the consumer should
borrow and repay later; and if earnings are expected to fall in the future (…) the
consumer should save to hold consumption constant over the anticipated drop.‖ 2
Furthermore, “The permanent-income hypothesis introduces lags into the
consumption function. An increase in income should not immediately increase
consumption spending by very much, but with time it should have a greater and
1

Schmidt-Hebbel, K. and Serven, L. (1999), ‗The Economics of Saving and Growth‘, Cambridge
University Press, Cambridge.
2
Schmidt-Hebbel, K. and Serven, L. (1999), ‗The Economics of Saving and Growth‘, Cambridge
University Press, Cambridge.
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greater effect” 3 . This implies the same potential for lagged relationship between
savings and growth, which will be tackled in this paper by investigating the granger
causality and the impulse response. The other group of papers with findings of
granger causality running from savings to growth are connected to the wide family of
growth models; for example, the Solow growth model (1956), which implies that,
increase in the saving rate can create a higher growth in the transitory period (which
might as well last for a very long time), but not in the long run equilibrium. Thus,
one would expect the short-run causality from saving, but no cointegration between
economic growth and saving.
Before the collapse of the communism in Poland, the households saving rates were
extremely high. During the 1980s, on average, the saving rate was over 40%. This,
according to Wolf et al, was caused by the lack of wide range of consumer goods or
services and lack of the access to a foreign savings that could crowd the domestic
ones, Denizer and Wolf, (1998 and 2000).
Since the 1989 collapse of communism, Poland went through a rapid and to some
extent painful process, as they transformed from what was before a centrally planned
economy, to a capitalistic one. The initial collapse of savings rates was due to the
hyperinflation, because of the fact that people lost confidence in the national banking
system. The liberalization and the development of financial system caused a rapid
growth in the number of banks and also the number of deposits offered by them for
households. The new perspective made behavior of agents spontaneous and often
times irrational Korenik (2003). This situation somewhat stabilized in the late 90s,
and for this reason, the period of the research starts in 1997.

The Economic Model
Based on the Permanent Income Hypothesis (PIH) and countless amounts of
researches previously done on the issue of aggregate and individual households‟
savings, a simple economic model was created, in which the level of households‟
savings in the Polish banking system is determined by the index of Polish industrial
output used as a proxy for the GDP growth. This is in accordance with previous
papers e.g. Satya and Girijasankar (2003), Bauhmoll (2008) or Ash Yüksel et al
(2010). Although the industrial output is not the exact equivalent to real output (the
more developed the economy the smaller part of GDP comes from the industrial
production), the industrial output goes very much in line with the economic growth.
The economic model provided below:
SAVt = ƒ (GDPt)
Where SAV stands for the level of households‟ savings in the consolidated banking
system in Poland, IND stands for the index of seasonally adjusted industrial
production in Poland (with 2005 as a based year) and t, denotes the time period.

3

http://www.ingrimayne.com/econ/FiscalDead/PermIncome.html
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The Statistical Model
Due to the relatively small number of observations, in order to further converge to
normal distribution, we have taken the natural logarithms of the raw data for savings
and industrial production, and the original statistical model presented below:
lnSAVt = β1 +β2lnINDt + ut
Where β1 stands for the constant term and β2 is the slope term denoting for the one
percent change in the level of savings when the index if industrial production rises by
one percent, ceteris paribus. The term ut is a white noise error term (with the mean
equals zero and constant variance), and t is time measured chronologically.

The Data
The model, which we will present later in the main body of this article, was applied to
the quarterly data for Poland from the first quarter 1997 to the third quarter 2010 (55
observations before any adjustments). These quarterly data, presented in the Table 1
in the appendix, were obtained from two sources: The Polish Central Statistic Office
(GUS) provided us with the data for aggregate households‟ savings in commercial
banks and the International Monetary Fund‟s (IMF) statistics provided us with the
index for the seasonally adjusted industrial production in Poland (with 2005 being the
base year).

The estimation and Inferences Procedures
Stationarity and unit roots
The major problem in dealing with a time series data arises from the potential nonstationarity of the series. The stationary series, or to be precise, the weakly stationary
series are those with the constant mean and variance over time and the magnitude of
covariance between any two time periods depending only on the time gap between
these two periods, and not on the particular time when the covariance was measured
such as:
Mean:
E(Yt) = u
Variance:
var(Yt) = E(Yt – u)2 = σ2
Covariance:
E[(Yt – u)(Yt+k – u)]
The stationarity of time series is necessary while using the ordinary least squares
(OLS) method of estimation. As the variance and/or mean is changing over time if the
series are non-stationary, the OLS would fail in estimating or forecasting process.
Thus one cannot make any generalization based on the sample of data if each sample
carries a different variance and/or mean. Before I do any formal test for stationarity, I
examine the values of lnSAV and 1nIND by creating the graphs of the observations
over time (see Graph 1 and 2 respectively in the appendix). One can assume that both
series have been increasing over time, which suggests that the mean of these series
also increases; ergo, I am expecting the unit root problems. Also by running the two
OLS regressions with lnSAV and lnIND as dependent variables, the classical
symptoms of spurious regressions can be observed (extremely low Durbin-Watson
statistics and high R2s; see the Figure 1 and 2 in the appendix). In order to investigate
if savings and industrial production series suffer from the unit root problem, I conduct
the Augmented Dickey Fuller (ADF) test for lnSAV and lnIND. I allow the Eviews to
automatically select the lag length with the Schwarz Info Criterion (SIC). The
relevant results for both variables are based on the output from Eviews and are
90
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presented in the Table 2 in the appendix. For both lnSAV and lnIND the ADF
statistics are greater that the t-statistics for 5 percent level of significance, thus, one
cannot reject the null hypothesis that there is a unit root. Therefore, I conclude that
both series have at least one unit root. After setting the first difference with an
intercept, both series (lnSAV and lnIND) become stationary, so both lnSAV and
lnIND are time series integrated of order 1; I(1) i.e. suffer from the first unit root.
Therefore, as mentioned before, the OLS model is not appropriate for the analysis.
The same conclusion was reached after applying the Phillips-Perron (PP) test (see
Table 3 in the appendix). This means that the first differences of the savings and
industrial production are stationary.
The Long-Run Relationship (Cointegration)
After finding that both variables are integrated with order 1, I investigate whether or
not the long-term equilibrium, or relationship, goes from savings to industrial output
or vice versa. If it goes from savings to industrial output, that means that the famous
Solow-Swan growth model does not hold in case of Poland for the 1997-2010 time
spans. In order to check for this long term relationship, I use the Engle-Granger two
step approaches by running two OLS regressions with lnSAV and lnIND as the
dependant variables respectively, and creating the series for the residuals for both
models. Next, I conduct the ADF test for both of the series of residuals with the null
hypothesis that the residual has a unit root (non-stationary). It has been
mathematically proven that even if two time series have the one unit root each (they
have both a stochastic trend which is our case), one would expect that the residuals
from the OLS model, with these variables will be also I(1). Nonetheless, their linear
combination (hence the OLS models used) may shares the same common stochastic
trend, i.e. they are not spurious and they have the long-run relationship when the
residuals from the regression are stationary I(0). The output from Eviews with the
ADF test run on the residual series from OLS regressions mentioned above is
presented in the appendix in Figure 3 and 4. From that we may conclude that the pvalues for both tests are way greater than 1, 5 or even 10 percent (.2873 and .2644)
hence we cannot reject the null hypothesis which states that the residuals have unit
roots. Therefore, there is no long term relationship between lnSAV and lnIND which
is in line with the Solow growth model.
The Vector Autoregression Procedures
Since both lnSAV and lnIND are I(1) and are not cointegrated, I suspect that they
might both be endogenous (saving causes growth and vice versa) and also persistent
over time (savings highly depends on its previous values). In these circumstances, the
application of the vector autoregressive (VAR) models to my variables seems to be
the optimal choice. The VAR equations for ΔlnSAV and ΔlnIND are presented below.4
ΔlnSAVt = θ0 + θ1ΔlnSAVt-1 +…+ θkΔlnSAVt-k + φ1ΔlnINDt-1 +…+ φkΔlnINDt-k
+ut
ΔlnINDt =λ0 + λ1ΔlnINDt-1 +…+ λkΔlnINDt-k + φ1ΔlnSAVt-1 +…+ φkΔlnSAVt-k +εt
The optimal number of lags is very important; including too many may increase the
probability of multicollinearity and would lose the degree of freedom, and including
too few would cause specification error. One of the popular ways to deal with this
4

Where Δ‟s stand for the first difference, ergoΔlnIND and ΔlnSAV measures the growth rate of the
industrial output and the growth rate of households‟ savings respectively
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issue is using the Akaike Information Criteria (AIC) (see Figure 5 in the appendix).
One can observe that four lags is the best possible choice. I have re-estimated the
model with four lags and the outputs from Eviews can be found in the Figure 6 in the
appendix. In the VAR, with the growth of savings as dependent variable, the
parameters of lag 1 for ΔlnSAV and of lag 4 for ΔlnIND are statistically significant at
5%. For the second equation, none of the lags for savings was significant for 10%
level, and lags 1 and 3 for ΔlnIND were significant at 10% level. In the overall
significance terms, the first equation (ΔlnSAV as the dependant variable) is much
more statistically plausible than the second equation. In order to check if my VAR
model is stationary, I plot the Inverse Roots of AR Characteristic Polynomial (see
Graph 3 in the appendix). Since the entire inverse roots i.e. the blue dots, lie within
the circle (have an absolute value less than one), I can conclude that the model is
stationary. After running the test for serial correlation at lags 1 to 8 (LM test in the
Figure 7 and 8), I conclude that at 5% significance level the null hypothesis of no
serial correlation cannot be rejected for all lags apart from a lag 2, hence there is no
serial correlation in the VAR models. Moreover, after conducting the White
heteroskedasticity test with cross-terms for both models, I conclude that both VAR
models are homoskedastic (meaning they do not suffer from the heteroskedasticity as
can be observed in Figure 9 and 10 in the appendix).
The Granger Causality
I conduct the Granger causality test In order to examine what is the direction of
causality; is it the savings‟ growth that causes output‟s growth or vice versa, or
perhaps, there exist bilateral causality? The relevant output is displayed in the Figure
11 in the appendix. The null hypotheses here claim that there is no granger causality
between savings and output growths. It can be observed that the past values of output
growth granger cause the value for growth of savings, and it is statistically significant
at 10, 5 and up to 1.7 percent level (the p-value level), but savings does not cause
output. That result suggests that, the macro policies of Polish government should be
focused more on promoting economic growth rather than directly on promoting
savings.
The Impulse Response Function (IRF)
The IRF tells us the responsiveness of the dependent or endogenous variable to the
exogenous shocks (in case of savings and output it might be the change in a fiscal or
monetary policy e.g. tax incentives) in the error terms of each of the variables in
terms of the standard deviation. From examination of the Graph 4 presented in the
appendix, one may notice that the response of DLNSAV to itself is positive and dies
out after three quarters (this result is not a surprise and only confirms that savings
rates are persistent over time) but it turns on again and dies out after 5 quarters (for
which fact I could not find any logical explanation). The response of savings to
output is almost negligible for the period of one year after which there is a positive
response to the increase in output growth, after which it takes another year for the
effect to die out. According to the response in the growth of industrial output, it can
be inferred that the positive exogenous shock on savings growth rate initially has a
tiny positive impact on output growth, but after half year the response turns out to be
negative and lasts for the next year before it dies. For a second, this response puzzled
me. However, I realized that the magnitude of this response is quite small, and might
be the effect of many other important underlying determinants of the output growth
not included in the simple VAR equation.
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The Variance Decomposition
The variance decomposition explains how a big part of the changes in the determined
variable is due to the exogenous shocks to this variable, and how a big part is due to
the shocks to other variable. We can observe (see Graph 5 and Figure 12 in the
appendix) that in case of the savings‟ growth variance, almost all changes are
attributed to its own shocks up to first four quarters and afterwards there is a
significant impact of shocks to the output growth (some 13 percent of movements
explained by movements in output). In case of the industrial output growth, the first
five quarters can be explained nearly entirely by its own changes, and after this five
years period the influence of savings movements sets in (however the magnitude of
this impact is over twice smaller that the impact of output on savings i.e. roughly only
6 percent). These results are quite in line with the impulse response investigation, and
they reconfirm my previous claim that the Polish policy makers should pay attention
to the promotion of output growth, which will in turn increase people‟s income and
savings, than to create policies in order to boost savings.
The Forecasting Procedures
In order to make the most accurate forecast for the growth rate of households‟ savings
during the period from 4th quarter of 2010 to 4th quarter of 2011, I use the optimal
combination of ARMA and GARCH models by indentifying the lowest Akaike
information criterion (AIC) in the range of ARMA (0,0) to ARMA (4,4)and GARCH
(1,1) to GARCH (4,4). The relevant output can be found in Table 4 and 5 in the
appendix and according to the AIC the model that I use for forecasting is ARMA (3,4)
GARCH(1,2).

In-Sample Forecast for the Savings’ Growth Rate
This part will show if the combined model, ARMA (3,4) GARCH(1,2), fits
the data better than the optimal ARMA (3,4) alone, and the AR(1) GARCH(1,2)
model (according to my reasoning formed from undertaken reading e.g. Him Tang,
Kai-Chun Chiu and Lei Xu (2003)). In order to do that, I re-estimate the holdout
sample and forecast the last four quarters excluded from this new, smaller sample.
Then I compare the forecast errors of each of the models. It can be observed from the
Figure 13, 14 and 15 in the appendix that the root mean squared error is the smallest
for the ARMA (3,4) GARCH(1,2) model and it has the highest (0.918304) covariance
proportion and the smallest (0.075431) bias proportion. This means the forecast is
almost unbiased and highly accurate. This is in line with both the AIC
recommendation and my idea of combining ARMA and GARCH models to conduct
the forecast. Therefore, the very same model would be used to out-of-sample forecast
for the 2010q4 – 2011q4; a relatively short period (ergo quite reliable forecast).

Out-of-Sample Forecast for the Savings’ Growth Rate
The very output obtained in the Eviews is presented in the Table 6 in the
appendix. The ARMA (3,4) GARCH(1,2) model predicted that the households‟
saving will be growing by 1.8, 1.3, 1.6 percent during the next three quarters
respectively and by 1.9 percent in the last two quarters of 2011.

Conclusions:
This paper has investigated the unclear direction of short and long-term causality
between the households‟ saving and the industrial production growth rates by
93
Published by Digital Commons @ Lingnan University, 2010

7

Lingnan Journal of Banking, Finance and Economics, Vol. 2, Iss. 1 [2010], Art. 8

applying the VAR model and conducting several tests (like the granger causality,
cointegration, and impulse response or variance decomposition). The time period
examined covered the recent 14 years of rapid transformation and development of the
Polish economy in the quarterly approach. The empirical results have revealed that
there is a one way granger causality from the output growth to saving growth. The
changes in the savings are influenced far more by the changes in the output (the
impact being positive) than vice versa. Therefore, policymakers should be focused on
boosting the economic growth than on savings by promoting the factors of production
(capital, labour or technology which, in turn, will also boost savings and the wealth of
the Polish citizens.

Extensions and Limitations
Due to the insufficient econometric background, the author could not conduct the
original version of his project (which was suppose to cover much broader range of the
determinants of growth and savings, such as the interest, unemployment or young/old
dependency rates, the Gini coefficient and the proxy for education development) in
order to conduct more in-depth analysis of Polish economic background, and give
more precise recommendations for the optimal future macroeconomic policies. This
being said, the author has no doubt that he will come back to this topical topic after
gaining the necessary theoretical and practical experience with the time-series
analysis.
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Appendix
Table 1
year&
quarter sav
1997 1
86009.7
1997 2
92749.9
1997 3
99673.3
1997 4
109367
1998 1
115528
1998 2
121773
1998 3
129171
1998 4
138206
1999 1
147417
1999 2
150199
1999 3
155954
1999 4
159257
2000 1
167790
2000 2
177313
2000 3
182222
2000 4
191076
2001 1
201107
2001 2
205483
2001 3
213158
2001 4
203862
2002 1
207722
2002 2
205670
2002 3
202916
2002 4
196325
2003 1
195654
2003 2
191650
2003 3
190351
2003 4
195352
2004 1
194712
2004 2
191560
2004 3
191497
2004 4
196525
2005 1
209388
2005 2
210320
2005 3
210564
2005 4
215684
2006 1
219938
2006 2
224252
2006 3
227815
2006 4
237692
2007 1
242652
2007 2
238649
2007 3
246638
2007 4
263079
2008 1
285305
2008 2
292790.8
2008 3
305978.3
2008 4
332654.7
2009 1
357458.6
2009 2
365135.0
2009 3
366975.9
2009 4
383601.3
2010 1
391335.7
2010 2
398990.0
2010 3
402668.7

ind
61.624
65.520
65.903
67.699
68.853
69.217
68.469
66.572
67.244
70.025
72.442
76.092
74.511
76.925
77.347
78.045
78.149
77.114
77.124
77.502
77.383
76.708
79.775
80.545
80.744
83.519
87.373
90.272
95.881
96.974
96.247
96.638
95.980
98.367
100.529
104.874
107.57
110.433
113.576
116.279
120.59
119.965
122.49
126.678
130.54
128.601
124.67
119.368
116.98
118.809
122.08
125.479
129.15
133.492
136.62
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Graph 5

Figure 1
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Figure 3
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Figure 5
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Figure 6
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Figure 7
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Figure 12

Figure 13
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Figure 15
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